In 1954 it was shown that nuclear weapons tests had produced radioactive materials (primarily iodine-131) that were accumulated and detectable in the thyroid glands of livestock in the United States (I). Further survey values for both man and animals have been presented in U.S. Atomic Energy Commission reports and in the open literature (2-4). The magnitude and pattern with time of radioactivity levels in the thyroids are of interest because (i) there is provided an alert to any build-up of potentially hazardous levels; (ii) as relationships are developed, radioiodinc measurements could serve as a sensitive monitoring system for other fallout nuelides less easili detected in the hiosphere;
(iii) information may be obtained on the movement of radioiodine particularly in the biological system; and (iv) there could be an interference with medical diagnostic tests that employ low levels of radioiodine. This paper (5) summarizes the information that has been obtained on the levels of iodine-13 1 in human and cattle thyroids and presents an estimate of milk levels in the United States during the period from January 1955 to December 1956. Correlation with known bomb tests is noted, and some inferences are drawn about routes of exponire.
Procedure
Human thyroids from autopsies were submitted by pathologists from locations as noted by acknowledgment (5). In general, the thyroids were predominantllf from persons more than 50 years old, and it was necessary to determine whether the radioiodine content was affected by the age of the person. Samples from the . New. Orleans area permitted comparisons of thyroid radioactivity in various age groups; thyroids from older persons showed slightly higher values than those from younger, and the few samples from children were not generally higher than those from other age groups. In addition, no differences were observed between samples from accident cases and those from patients hospitalized for a matter of weeks prior to autopsy. Thus, the sampling was considered as conservatively representative of the total population. Cattle samples were taken at the slaughter house, usually from calves or yearlings.
All thyroid glands were. shipped in formalin and were processed in a standard manner upon receipt. The thyroids were washed, blotted dry, trimmed of extraneous tissue, cut into small pieces, placed in a tared aluminum cup, and weighed. The samples were dried for several hours at loo%, reweighed, and then pelleted in a Carver laboratory hydraulic press into a cylinder about 16 millimeters in diameter. The pellet was placed in a test tube for counting. The dried pellets gave more uniform samples than did fresh tissue and permitted more sample to be presented to the sensitive volume of the detector. Recovery experiments showed that losses during processing did not exceed 10 percent; formalinfixed weights were about 5 percent higher than wet weights. Counts /'!'Li_ considered significant when the cou. rate was 2 to 3 times its standard devl, tion. As a rule, the counting rate was not significant when the sample contained less than 0.005 millimicrocurie of iodine-131. The usual calibration and standardization procedures were employed. Occasionally, the gamma-ray spectrum and half-life were determined and were found to be in agreement with the characteristics of iodine-13 1. Muscle samplcs showed no detectable activity under the conditions of measurement that could not be ascribed to radiopotassium.
Results
The over-all results are presented in Fig. 1 and represent the human and cattle samples averaged by P-week periods. The curves were drawn by inspection to aid in the visualization of the general pattern;
broken lines indicate periods during which samples wPre not taken. All the human samples were averaged except those from the Salt Lake City station. The cattle samples up to June 1955 represent averages of all continental stations listed in Table 1 except those from the Nevada-Utah area; thereafter, coliections were'made only from Omaha, Nebraska.
It is first noted that the pattern of levels is correlated with known weapons tests. The peak in mid-1955 was undoubtedly a result of the United States continental tests in the spring of 1955. The smaller rise with a peak near January 1956 presumably reflected a contribution from Soviet tests. The general rise during the latter half of 1956 could have resulted from United States, British, and Soviet activities.
From comparison of the pattern of cattle and human values, there seems little question about the common source of radioactivity.
The cattle valuks were significantly greater than those of man (P < 0.01) and were increasingly higher at the higher levels. An indication of the route of entry of the radioiodine into cattle is given in Table 2 . Through the cooperation of George K. Davis of the Florida Experiment Station, it was possible to obtain thyroids from six animals that had been barn-fed in central Florida for about 3 months on feed that could have contributed only small amounts of iodine-13 1. For comparison, thyroids were sent from two animals that had heen allowed to grazenormally on nearby pastures. It is apparent that at least 10 percent of the iodine-i31 in the grazing animals had been contribute? by the pas-
ture.
This observation is in disagreement with other reports (2) that suggest inhalation as the major source of contami- Table 2 and the average human level is of interest. If the concentration in the thyroids of the barn-fed animals is corrected by's factor of 5 to account for the difference in respiratory tidal volume betwccn the two species, a value of 0.0024 millimicrocurie per gram is obtained. As noted from Fig. 1 , this is in fair agreement with the human values for this period (late June 1955). Since it is reasonable to assume that the iodine-131 burden in the barn-fed animals resulted primarily from inhalation, this supports the idea that the human burden may in large measure result from inhalation. Table 1 presents the data for May 1955; a peak month. For ease of interpretation, the results have been lumped by geographical regions. Despite the fact that generalizations about regional differences are not particularly meaningful because of arbitrary factors, some trends are apparent.
As expected, the levels from the region near the Nevada test site .were higher than those from the rest of the country. The human values were essentially the same all over the country except for the Nevada-U:ah area. The cattle samples, in contrast, appeared to show more differences between regions, with lowest values from the West Coast and highest from the Southwest. This may be related to the different routes of assimilation of fallout iodine-i31 by man and grazing animals. Cattle samples from abroad 'were generally low. Particular attention is called to the large spread of va!ues. This is illustrated in Fig. 1 should have been about 0.2 millimicrocurie per 100 milliliters at the 1955 peak and averaged about 0.02 for the whoz ' period.-The& values are higher than those found,.probably because dairy cows usually consume older feed than do the cattle reported in this article. The data in this article do not permit estimations of the contribution of iodine-131 carried in milk, although the low milk levels found and the fact that the levels in . younger age groups were not significantly higher would indicate this route to hnvc been of minor importance.
The contribution of milk is, of course, decreased by the physical decay between the time the . 3 fall-out is deposited on the forage and the time the dairy product is consumed. This may be an important factor and should be looked at more carefully under situations where milk from grazing animals is consumed within a matter of days after secretion.
Thyroid Doses
It is of interest to estimate the radiation dose received by the thyroid glands of the human and cattle populations during the period of this study. The level of iodine-13 1 in an individual at any given time represents a balance between the intake, perhaps from several tests, and the biological and physical removal rates, This makes it difficult to calculate iufinity dosages in the usual way (8). By integration of the area under the curves in Fig. 1 and estimation that 1 millimicrocurie of iodine-131 per gram of tissue delivers about 0.012 rep per day, it is calculated that the tctal dose from the iodine-131 beta rays, delivered over the 23-month period to the thyroid gland, was about 3 rep for cattle and 0.01 rep for man. In considering thyroid dosages, it is necessary to take into.account the contribution of short-lived isotopes of iodine. This situation has been analyzed by Dunning (8), who shows that, up to 10 hours after detonation, the short-lived radioiodines may contribute' about 4 times the iodine-131 dose and by 2 days about equally, but that after 10 days the contribution of the short-lived activities becomes negligible. It is not possible to correct the over-all dose of iodine-13 1 for the contribution of the short-lived activities, but in any event the total dose could not have been greater than 4 times the average dose from iodine-131 (4 x 0.01 rep) for man and was probably much less.
There seems to be little question that the levels of radioiodine introduced into the biological cycles by weapons tests during 1955 and 1956 are far below those that are expected to produce any observable effects. This can best be demonstrated by comparison of levels found with the official maximum permissible values and with findings on the lowest levels of radiation or of iodine-13 1 that could possibly have produced detectable changes.
Such a comparison follows. 1) Average peak level observed in man, 0.005 millimicrocurie per gram. 2) Maximum permissible level in man for continuous exposure (9), 15 millimicrocurie per gram.
3) Estimated peak level in milk, less than 0.01 millimicrocurie per 100 milliliters.
4) Maximum permissible concentration in water for continuous exposure (9)) 3 millimicrocuries per 100 milliliters.
5) Estimated average dose to human thyroid from radioiodine during the period January 1955 to December 1956, less than 0.04 rep.
. 6) External dose to neck area: in infants and children that hns been suggested as cause of later thyroid malignancy (IO), 200 to 725 roentgens. 7) Dose to thyroids of sheep on daily intake of iodine-131 at which no damage was observed (II), 936 roentgens (3 rocntgens per week for 6 years).
8) Dose to thyroid of sheep on daily intake of iodine-131 at which minor physiological change occurred ( 11) , 3000 to 5000 roentgens (over 2% years).
